Abstract. One of the most contentious debates in modern telecommunications policy regards whether or not a regulatory mandated reductions in the per-minute costs of long distance carriersaccess charges domestically and settlement rates internationally -are fully reflected in the per-minute prices for long distance calls. In this paper, we evaluate the flow through of settlement costs to international long distance prices and find strong evidence that IMTS prices are closely related to settlement costs, and that these prices fully reflect differences in settlement costs. Further, the estimated relationship between prices and settlement cost indicates, under certain assumptions, that the IMTS industry is very competitive.
I. Introduction
One of the most contentious debates in modern telecommunications policy regards the relationship of the per-minute prices for long distance calls to their per-minute costs. Specifically, the debate centers on whether or not a regulatory mandated reduction in the per-minute costs of long distance companies -access charges domestically and settlement rates internationally -are fully reflected in the per-minute prices for long distance calls. In some cases, the flow-through of unit cost to price is used to assess the competitiveness of long distance markets.
On the domestic front, the instigators of the debate are the incumbent monopoly local exchange carriers that are motivated by two factors: 1) the desire to have the ban on their provision of long distance service lifted, which is more likely if the long distance industry is, at present, not competitive enough; and 2) the desire to discourage regulators from mandating further reductions in access charges, the profit center of the local phone monopolies. Internationally, for most countries, settlement payments represent a huge inflow of cash from the United States. In 1997, the U.S. carriers paid foreign carriers a net $5.5 billion (Blake 1998) . The Federal Communications Commission (FCC) has worked diligently over the years to reduce the settlement costs of domestic carriers. Perhaps the most popular rejoinder to the FCC's efforts to reduce settlement rates is to question the consumer benefit of such reductions, i.e., to question the flowthrough of settlement rate reductions to prices.
The purpose of this paper is to evaluate empirically the issue of flow through. Our approach is rather straightforward. Specifically, we estimate the relationship between per-minute international message telephone service (IMTS) prices and settlement costs using cross-sectional data. A cross sectional approach to flow through is possible in international markets because there is substantial variation in both cost and prices. This approach is not possible with domestic calls because interstate-interLATA domestic prices are uniform across the United States. 1 Thus, time series analysis is required for domestic flow-through.
Flow-through is typically considered in a temporal sense -what would happen to the price of an IMTS call to London if the settlement rate fell by ten cents? The cross-sectional approach used here ask a slightly different questionwhat would happen to the price of a call to London if the settlement rate was identical to that of Spain? For practical purposes, the questions are identical given the assumption that the competitive process that determines prices in the cross-section is stable over short periods of time.
II. Specification of the Empirical Test
In common parlance, flow through is said to occur when a reduction in the unit cost of supplying a service (C) produces an equivalent reduction in the unit price (P):
Flow through
Change in Price
The cross sectional approach might be applied to intrastate prices and costs, but these prices are so burdened with regulatory interference that little market information can be derived from them. For example, not all states allow customers to choose a long distance carrier. The local phone company provides all intrastate service. In others, competition is possible in only part of the state. In some cases, entrants are handicapped because their customers must dial extra digits.
where a dollar-for-dollar relationship is the benchmark expectation. The definition of flow through expressed in equation (1) suggests a straightforward manner by which to evaluate the flow through settlement rate reductions to IMTS prices. By specifying an OLS regression with price as the dependent variable and settlement cost as an explanatory variable, the relationship of interest (∆P/∆C) can be estimated using standard econometric techniques. We formulate a test of flow-through by specifying a price equation of the following form
where the country specific variables are: P is price per-minute, C is settlement cost, Z is a vector of other cost factors, υ is the econometric disturbance term. The αi's are the parameters to be estimated by regression analysis.
The coefficient on settlement cost (α1) is of primary importance since it measures ∆P/∆C. If variations in settlement cost across country-pairs are fully reflected in IMTS prices, then α1 = 1. Alternatively, if pric e fails to reflect fully the differences in settlement rates, then α1 < 1. Finally, if settlement cost changes are more than reflected in price, α1 > 1. Of course, if IMTS prices are not related to settlement cost, then α1 = 0.
In reality, the relationship ∆P/∆C is not determined by the ad hoc demands of telecommunications regulators expressed by equation (1). Rather, ∆P/∆C is, of course, the derivative of equilibrium price with respect to marginal cost and the value of the relationship will depend on numerous factors including the elasticity and specification of the demand curve (e.g., linear or constant elasticity), the degree of competition, the rigidity of prices, and so forth. We briefly discuss this issue in Section III, providing a very general specification of the relationship. 2
A. Derivation of Settlement Cost
If one seeks to assess flow-through, it is imperative that a proper measure of unit cost be employed. Accurate measures of unit costs are especially important 2 It is worth noting, however, that ∆P/∆C = 0.50 if demand is linear, regardless of the degree of competition in the market (as long as the demand curve is not infinitely elastic).
in the case of IMTS, since the settlement rate does not (in every case) equal the settlement cost of the carrier. The settlement cost of the domestic carriers (as opposed to the settlement rate) is derived below.
For most countries, international telecommunications traffic exchange occurs under the International Settlements Policy (ISP). Under the ISP, every minute of U.S. originating IMTS traffic requires the domestic carrier of the call to pay the per-minute settlement rate to the foreign country's telephone carrier. 3 Likewise, for every minute of IMTS originating in a foreign country and terminating in the U.S., the foreign telephone carrier must pay the terminating domestic carrier the per-minute settlement rate. An integral component of the settlement process is that the foreign carrier does not simply choose the terminating domestic carrier. Rather, each domestic carrier terminates a share of terminating foreign traffic equal to its market share of U.S. originating minutes to the country in question. This practice is called proportionate returns.
The domestic carrier's costs of providing IMTS service to a given country under the ISP is
where E is total cost, S is the settlement rate, q is the quantity of the firm's minutes, F is terminating minutes, Q is total U.S. originating IMTS minutes, and q/Q is the carrier's market share. 4 Subscripts, indexing each country, are suppressed. An IMTS carrier's total settlement costs would equal the sum of settlement cost for all countries served by the carrier.
The interpretation of the cost function is as follows. For every minute of the carrier's originating traffic (q), the domestic carrier pays the foreign carrier the settlement rate S. Total settlement payments are S ⋅ q. For every minute the foreign carrier terminates in the U.S. (F), the foreign carrier pays U.S. carriers S. Each domestic carrier is guaranteed its originating market share (q/Q) of these terminating minutes so that total settlement receipts for any one domestic carrier are S ⋅ F(q/Q). Each minute of originating or terminating traffic also incurs an access charge which is paid to the domestic local exchange carrier. Originating 3 Carriers negotiate the accounting rate. The settlement rate is typically equal to one-half the accounting rate. 4 Total originating minutes is the sum of all individual firm's minutes so that Q(qi,q-i).
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We are interested in how the IMTS carrier's total settlement costs change as output in increased, i.e., the carrier's marginal cost. The partial derivative of (3) produces an expression for the (marginal) settlement cost of the domestic carrier for country i
where C is the settlement cost, w is the market share of a given domestic firm (q/Q), and (F/Q) the ratio of terminating to originating IMTS (i.e., the inputoutput ratio). 5 All of the variables in equation (4) are country specific --each country will have its own unique C.
Note that only if IMTS is supplied by a monopolist (w = 1) will the settlement cost equal the settlement rate. 6 This point is critical. For a monopoly foreign carrier, the appropriate measure of flow-through is the relationship between price and the settlement rate. For the competitive U.S. carriers, alternatively, it is the relationship of price to settlement cost as measured by equation (4). Thus, it is not surprising, though no less incorrec t, that foreign entities often complain that there is no direct relationship between settlement rates and domestic IMTS prices. Equation (4) reveals that there should not be. Thus, while the protection of settlement revenues is no doubt an important factor to the flow through rhetoric, confusion also may be an important contributor.
Under existing conditions in domestic IMTS markets, the settlement cost will be less than the settlement rate and positive since the input-output ratio and market shares are typically less than one (F/Q < 1; w < 1 ). 7 Under certain 5 The intercept of the firm's settlement cost curve is S(1-F/Q) while the slope is S(F/Q) · w.
6
It can be shown that the industry average settlement cost is S(1-F/Q⋅HHI) where HHI is the Herfindahl Index of market concentration. The net settlement rate, which is total settlement payments minus total settlement receipts expressed in per-minute terms [S(1 -F/Q)], is often used to measure the unit cost of IMTS service. The net settlement rate is, however, an average cost and not a marginal cost. Settlement cost, as defined here, will typically be above the net settlement rate and below the settlement rate. [Number 7 Phoenix Center for Advanced Legal and Economic Public Policy Studies www.phoenix-center.org conditions, the settlement cost can be negative and this occurs when (F/Q) > 1/(1 -w) which is more likely to occur for a firm with a small market share.
Ceteris paribus, an increase (decrease) in the settlement rate will increase (decrease) the settlement cost of the carrier:
Note that the right-hand side of equation (6) is always less than one unless w = 1 and can be negative if (F/Q) > 1/(1 -w). 8 Thus, a given change in the settlement rate will (in every case but monopoly) have less than equivalent effect on settlement cost. 9 This condition is extremely important to an analysis of flow-through. Specifically, it is inappropriate to evaluate flow -through by the relationship of price to the settlement rate, since the change in a carrier's cost will (nearly always) be less than the change in the settlement rate. 10 8 Since the input-output ratio (F/Q) is less than one in nearly every case or just greater than one in a few instances, a negative sign is unlikely.
9
The average effect of a settlement rate reduction on the settlement cost of a domestic carrier can be estimated from our sample of 149 countries. For our sample, the mean input-output ratio is 0.33 and MCI's mean market share is 30 percent. Thus, a $0.10 change in the settlement rate, ceteris paribus, will reduce the settlement cost of MCI by $0.077 [i.e., 1 -0.33(0.70)]. For AT&T, with an mean market share of 56 percent, a $0.10 change in the settlement rate will change its settlement cost by $0.085, ceteris paribus. Since market shares vary from country to country, these calculations will vary by country.
10
The effect of increases in U.S. originating minutes (terminating in the foreign country) on settlement cost can is
0 . This positive relationship is intuitive: an increase in total output, Q, will decrease the input-output ratio which increases settlement cost. Thus, the FCC's proposed 'benefit' of decreasing the input-output ratio works against its goal of lowering domestic IMTS prices since it raises the settlement cost of domestic IMTS carriers. share increase settlement cost. Thus, firms with larger shares of IMTS traffic to a given country have a higher marginal cost than smaller firms. In effect, the international settlement policy generates an 'increasing cost' component to the cost function of IMTS, implying the average settlement cost, S(F/Q), is less than the marginal settlement cost.
Phoenix Center for Advanced Legal and Economic Public Policy Studies www.phoenix-center.org

B. Data
A sample of IMTS prices, settlement payments, traffic volume, and market shares were gathered to estimate equation (2). The initial sample consisted of 232 countries, but only 161 of these are under the ISP. Twelve observations were rejected due to missing data and one country was eliminated due to a negative settlement cost. Only one country in the Pacific region survived these filters, so it was excluded from the sample. The final sample consists of 147 countries.
Price is measured by tariffed rates to selected countries for AT&T's One Rate International and MCI's One residential IMTS service plans. 11 The two carriers account for, on average, over eighty percent of the U.S. originated IMTS traffic. 12 These particular tariffs were chosen for two reasons. First, these calling plans have a single rate for each country with no time of day variations or volume discounts. Thus, no distributional assumptions are required to produce a single measure of price. Second, both of these plans were the 'best-price' or 'flag-ship' product for the time-period in question and were available to all customers regardless of traffic volume. 13 Unit costs other than settlement costs are unlikely to vary much by country, but may vary by region given dissimilarities in the mix of cable and satellite facilities and other regional factors. Thus, Z is specified as a vector of regional dummy variables that proxy regional cost variations. Originating and terminating access charges are added to the settlement rate prior to the calculation of settlement costs. Descriptive statistics are summarized in Table 1 Market shares between country pairs vary substantially.
13
In addition to the per-minute rate, both plans required a $3 per month fixed charge. Since our focus is on the effect of the per-minute settlement cost on per-minute IMTS prices, the presence or absence of a fixed charge is irrelevant. Further, the fixed charge will have no effect on the consumption of minutes by the consumer, especially when one considers the large disparity between these prices and the standard or basic rates. Still, very low volume consumers might prefer not to incur the fixed charge and pay higher per minute prices. It is unlikely, however, that prices charged to occasional users are appropriate for flow-through calculations or as an indicator of the degree of competition in the market. [Number 7 Phoenix Center for Advanced Legal and Economic Public Policy Studies www.phoenix-center.org 
C. Specification Issues
While heteroskedasticity can be a problem with cross-sectional data, White's test applied to our least squares estimates did not indicate its presence. 14 In addition to testing the null hypothesis that the disturbance terms are homoskedastic, the White test also indicates whether or not the errors are independent of the explanatory variables and whether the linear specification of the model is correct. Thus, the White test is also a general test for model specification. The non-significant test statistic on the White test is reassuring, since it implies that none of the three conditions mentioned above is violated.
In addition to the White test, RESET was performed for the detection of specification errors resulting in a non-null mean of the theoretical disturbance vector which may be caused by simultaneity, omitted variables, errors in variables, and/or incorrect functional form. Recall that the null hypothesis of RESET is "no specification error" (of any of the above types); thus it is a weak test under the alternative hypothesis.
We could reject the RESET null for the estimated equation at the 10 percent significance level when ordinary least squares (OLS) was used, probably due to a simultaneity bias produced by the inclusion of market share (w) in settlement cost. To remedy this potential simultaneity problem, we replaced the marginal settlement cost with an average settlement cost [S(1 -F/Q)]. 15 This approach has two desirable features. First, it is the measure of cost most often employed in regulatory proceedings to assess flow-through. 16 Second, the average settlement cost is highly correlated with the marginal settlement cost but does not contain market share (ρ = 0.989). Thus, average settlement cost can serve as a (textbook) instrumental variable for marginal settlement cost. For this alternative, instrumental variables (IV) specification, we could not reject the RESET null hypothesis of "no specification error" at standard statistical levels, further indicating that the inclusion of market share was the culprit. N ote that the estimated coefficients were not much affected by the different specifications.
14 We could not reject the White null-hypothesis at the 0.10 percent level for any of the model specifications.
15
Another approach that allowed us to accept the null of "no specification error" was weighted least squares, where the weighting variable was the difference between price and net settlement cost.
16
In the Matter of International Settlement Rates: Notice of Proposed Rulemaking. FCC Docket No. 96-484 (December 19, 1996) , ¶ 91.
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III. Results and Interpretation
The results from the estimation of equation (2) are reported in Table 2 . The overall statistical fit of the equations is exceptional for cross-sectional data, with a typical adjusted R-square of 0.88. Given the t-statistic on α1 of about 22 and an Rsquare of 0.88, there can be little question as to whether or not settlement cost are a primary determinant of IMTS prices. Our rather simple equations explain about 88 percent of price variation across markets. All of the variables are statistically significant at the one percent level. The statistical significance of the regional dummy variables suggests that there are cost differences across regions.
The coefficient of primary interest is that on settlement cost (C). In the OLS equation, the point estimate of α1 is 1.04, suggesting that the domestic IMTS carrier's prices closely reflect differences in settlement cost across countries. The point estimate of α1 implies that for every $0.10 change in settlement cost (not the settlement rate), the domestic carrier will adjust price by $0.104. The standard error of the estimated coefficient is very small (leading to high t-statistic) suggesting the point estimate is quite precise. The 95 percent confidence interval on α1 bounded by 0.96 and 1.12. Thus, we can be 95 percent confident that the true value of the "flow-through" coefficient (dP/dC) lies between 0.96 and 1.12, i.e., a $0.10 change in the settlement cost will lead to price change ranging from $0.096 to $0.12.
The close relationship between IMTS prices and settlement costs is readily visible by plotting the data. Figure 1 illustrates the relationship between IMTS prices and settlement cost using the entire sample of 147 countries. Note that the constant terms of the regression have been subtracted from the IMTS prices, and that the 45-degree line (slope = 1.0 not 1.04) is added to illustrate the near one-toone relationship between IMTS price and settlement cost. Both the econometric results and the figure provide strong evidence that IMTS prices are related to settlement cost on a near one-to-one basis.
Under certain conditions, the estimate of dP/dC can provide information on the competitiveness of the IMTS market. The relationship between price and marginal cost can be written as P = mC, where m is the markup rule that defines the relationship between price and marginal cost. One markup rule that is flexible enough to define equilibrium price at any level at or between the monopoly and perfectly competitive price is [Number 7
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where η is the own-price elasticity of market demand and φ is a conjectural variation elasticity that encapsulates the degree of competition in the ma rket (Bresnahan 1989, Crandall and Waverman 1995) . 17 This basic framework has been used extensively in empirical industrial organization over the past decade (e.g., Crandall and Waverman 1995 , Rubinovitz 1993 , Baker 1989 , McGahan 1995 . For φ = 0, price equals marginal cost, the equilibrium price under perfect competition. Alternatively, for φ = 1, price equals the monopoly price. Under the simple Cournot model, φ = s where s is market share of the firm. Note that that the firm's residual demand elasticity is η/φ and equilibrium requires φ < η.
In the case of constant demand elasticity, dP/dC is
which, according to our estimated regressions, is equal to about 1.04. If we know the market demand elasticity, then the conjectural variation elasticity can be computed as can the firm's residual demand elasticity. Recent and past studies of IMTS service suggest that the long run price elasticity is about (minus) unity Blake 1998, Ford and Jackson 1999) . Using our estimates from Table 1 , the conjectural variation elasticity for IMTS service is φ = 0.04 (for η = -1). For a market demand elasticity of -2, φ = 0.08. Thus, the IMTS industry is far more competitive than the standard Cournot model would imply, and very close to perfect competition. 18 These results suggest that domestic IMTS carriers face residual demand elasticities (on average) of about -20 (1/0.04; 2/0.08).
17
For our analysis, these conditions include constant elasticity of demand, that the competitiveness of the industry can be summarized by a single parameter, that the elasticities of demand do not vary by region, and that the prices are equilibrium prices (Bresnahan 1989, and Bulow and Pfleiderer 1985) . Equation (6) is one of many markup rules in an oligopolistic industry, and there has been much debate over the legitimacy of confining the "competitiveness" of a market to a single parameter (Bresnahan 1989) . 18 For our sample, the sample mean market shares for AT&T and MCI are 0.56 and 0.30, respectively. Legal and Economic Public Policy Studies www.phoenix-center.org 
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IV. Conclusions
The telecommunications industry is undergoing a sea change in both policy and competitive forces are threatening the last vestige of the telecommunications monopoly --the local exchange. Since the profit margins most susceptible to competitive erosion are those on per-minute access and settlement charges, it is no surprise that regulatory and competitive threats to these margins are met with strong opposition from the incumbent monopolists. The flow through debate is perhaps the most frequently employed advocacy tool of the incumbents.
In this paper, we evaluate the flow through of settlement costs to IMTS prices. We find strong evidence that IMTS prices are closely related to settlement costs, and that these prices fully reflect differences in settlement costs. Further, the estimated relationship between prices and settlement cost indicates, under certain assumptions, that the IMTS industry is very competitive. 
